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A resistive random access memory (RRAM) device and a
manufacturing method are provided. The RRAM device

includes bottom electrodes, a resistance switching layer,
insulating patterns, a channel layer and top electrodes. The
resistance switching layer blanketly covers the bottom elec-
trodes. The mnsulating patterns are disposed on the resistance
layer and located 1n corresponding to locations of the bottom
clectrodes. The channel layer conformally covers the resis-
tance switching layer and the insulating patterns. The chan-
nel layer has a plurality of channel regions. The channel
regions are located on the resistance switching layer, and
cover sidewalls of the insulating patterns. The top electrodes
respectively cover at least two of the channel regions, and
respectively located 1n corresponding to one of the msulat-
ing patterns, such that the at least two of the channel regions
are located between one of the bottom electrodes and one of
the top electrodes.

15 Claims, 17 Drawing Sheets

G
T« D
A

------
|||||||||||||||||||||||||
-------------

||||||||||||||||||

(BB

.................
|||||

11111




U.S. Patent Nov. 15, 2022 Sheet 1 of 17 US 11,502,131 B2

forming transistors
forming conductive plugs

forming first metal patterns and first conductive vias

forming bottom electroqaes

sequentially forming a charge trapping layer,a resistance

switching layer and a first barrier layer over the bottom
electrodes

forming insulating patterns on the first barrier layer

forming a first channel layer and a second barrier layer
over the insulating patterns

forming dielectric filling structures

forming top electrodes over the topmost surfaces of the
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forming third conductive vias and third metal patterns

FIG. T

5100

5102
5104
5106

5108

5110

5112

5114

5116

5118
5120



V¢ Ol

US 11,502,131 B2

Sheet 2 of 17

Nov. 15, 2022

U.S. Patent



U.S. Patent Nov. 15, 2022 Sheet 3 of 17 US 11,502,131 B2

=

2.

-—

<C

<L

N
<C
OWM O =<C
- —




US 11,502,131 B2

Sheet 4 of 17

15, 2022

Nov.

U.S. Patent
<[
OOV O =
H_)

|—



U.S. Patent Nov. 15, 2022 Sheet 5 of 17 US 11,502,131 B2

7

7/

F1G. 2D

.
2%

%
[/

7
TS

>
%%

7.
2



US 11,502,131 B2

Sheet 6 of 17

15, 2022

Nov.

U.S. Patent

%%w‘\‘,_, 475 N
o \\\i\k\ \k\ \k\ \k 7

Aa(8
Hd -




US 11,502,131 B2

Sheet 7 of 17

Nov. 15, 2022

U.S. Patent

i¢ Ol

00!
658 Y 5w Wy £ ‘L T i
____________ S B IS B0
IN N SN NN N~ o

x4 VA v VA A VS~ A

L

1 .
—I—o - V.i_l ava"a"a"¢ IEEEED 7/ .I.l.#.. xR vi ava"a"a"4"¢ EEEEEE ﬂF.il,
2 X K A L ) 0 s o0 C
yo ) < g B 5, 5 ' s ooone !
__ /s < \BOARA ¢ ¥ SRR s ', N K
. A S .__ X ) -F N R ‘s SARRRR |
A ok o | A
7L 4 TR % 4 L, < ARARR ¢ ¥ EEEEEN 'y
..-.. v A . v .-.- _‘. v [ I D I I A | A . ...... '
iy i..‘ ‘ v LN ......‘ e ‘. A ' T._...... ..
- % AR o R % ok Lok
), NN A PNAAAS 1\# AAYATAYA PN AN



US 11,502,131 B2

Sheet 8 of 17

Nov. 15, 2022

U.S. Patent

j/A 1 ﬁ. _. =y s -
IN A "INV AN A~ &

. \\\?p\\ &\ 0 \\ 00 1S'IN

_mm \“\“\\\“““\\W\\,f!\\\;lﬁ\\\;l \\s., 2 NV Y7/ A

4

......ﬂil.lil




US 11,502,131 B2

Sheet 9 of 17

Nov. 15, 2022

U.S. Patent

HC Ol

s \.\\\‘\\i\ ,

19 \\\\W\\\\&\Av\\\\w\\\r\hw\

W\ e 77 ~2
o

YY
Ry s S S {
9



US 11,502,131 B2

Sheet 10 of 17

Nov. 15, 2022

U.S. Patent

AN &

001

N

;  — N A
“ ,/////,”MM “ WV/, _____m_mmmmmm_m___ ____ 7////,4,0% “ \Wﬂ/& WM«.M%._;

& ////xmw\\ dd b
1 /W /B % N

§W! A 77

/
A n n n n n N — DYV
v " n L ] L ] L ] L ] n L ] '.‘. n L ] L ] L ] L ] 1)< N O

e R e Rl

mm u...:..v ".,; nr.ﬁ.. .....................

P sk .:....._“_“_“_“.“.. O AN T s .....:...““_“_“_“.“.. e  — /)7 77/ N>
S A 2NN 'XN\2 »J\ A AN\Y- O/ AN\ T % e

m._. WI-_ LR %&l@ KM%“W/ Gy .._;%“.W/ ;;%m{

(HAIIIIIIIIIIIIIIIIIIIIIIIII IS IS IIIIIIIIIIIIIIIIS

RS RIS RS RIS T HN
HIIIIIIIIIIIA I AN IIIII NI I I Is NI
v
(
G 1
J

RS RS RIS RIS
(HIIIIIIIII AN I IS I AN I NI NI NI I I AN

A IS RS S RIS~
(NI AN I I NI NI NI

\\\\\~\§§~\§~\§§~\\\\\\\\\\\‘\\\\‘\\‘\\\\\\\\\\‘g



US 11,502,131 B2

Sheet 11 of 17

Nov. 15, 2022

U.S. Patent

. /&/// ___mmmmm__ “ / / ____________
i //// \%&4%&@« S ‘“@/\ “ %
x \“NA\\\&\§\\\V\ A
s e e \\\\ \ i 4
NMM _ f__“_ F._.ww____ mw m____" __ _________ .Mm_m_m_m_m_m_mw m_m_m_m_m_m_m_ m____________; ____“___ / ; 44
- 77 muwwww______________ ________ __mmmmmmm_m__ h.uwum_.______________..,.r_.__.,_.____.,r.u ________ 777 7
A 70 8D LS AN A \

/ ‘ \L\\\\\\E \\\ \\1§ - ¢A
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
A A

_“\EéiE
g?/; N NN St NN NN 4
V7227 ol
AN RNV EAERRKIANY A ARNIAY .
00 7 e :




US 11,502,131 B2

B ¢ Ol

0!
= BB BB
E W ™

1%l

~ ANIA] /1 /L
2 _ ANy 4 | O
S VA /A S A, A
g _ - I I

18
N

U.S. Patent

14

4



US 11,502,131 B2

Sheet 13 of 17

Nov. 15, 2022

U.S. Patent

PQ | I I | | . | I | ngfor | I I |
| I I | r ot + | I I | r ] | I I |
[ B | r T & LI N R | [ O I [ I |
LI B I LI [ I I | r ko3 k LI N |
r 1 r T £ 7 1 r & | I I B £ [ I T |
L B . | I B I LI B I L | I I B
i r 1 Fr o+ 4 | I I B F F F & K LI N R B |
L L T T T N O - T | B I B . | F F T & | I D I
‘‘‘‘ Fr o+ 4 | I B I LI B R I |
“““““““““““ LI I I A
"""""""""""" LI I B |
¥y  gprrcvb kg = &£ ¥ Frr+&:rxE - &< wy i i LI
+++++++++++ LI I N
. L "
L]
b

;;;;;;;;;;;

N | NN 47 DAY | _ NWAH
/Af\\i (48, NI 7//4“s\

4 R
SN 4 &

179N\

%

V7

%t..&\\\\\u \\ .
uau_, \v\\p\\ \\“\ .» “ -_ Q %
% \ \A
R AV VA 55 \ i .
- __ == %

AN QNN 7174
“.‘\
Vv, B Y Y Y Y W VLV N W e e i BT ATLY, R g s Y
4 \ - R f/ s R & i BROD o
i,.i, / ﬂ 70 ﬂ ﬂ ******** ______,\ J .........................
¢ RN EEEEEE ¢ ERERERE B . XEEREE - B BN 577 A KL E
¢ 7R T8 e BOAEA Y B T B 7 DR o | Y /0 N B %A o I Y Y (AP 7, B T
L/ K 1 R N . REEREE . DG L ARl e R
1+ I I ... pYy.... A L 7)) S 1A S ) R 1 [ I
........ P b P C e 4 c e ber s §
JALLL) O X [ B [ ‘ LA, | A} o | | e [ \ I&
v oA RN AR SRS s S gy &) AR i/
GV NN __‘
4
&

1S'IN
IA

N

7D A SIS A SIS
1 I I A A S A A —

§\W“\\\\\N§§\§§
”

//

(111NN IIIII I NN NI al,
. S
18 CN ]

77 7SS S AR 7SS S AN
N

G 77777777 77777777777 777777777777 77 77777777 777777777777/

™9



US 11,502,131 B2

Sheet 14 of 17

15, 2022

Nov.

U.S. Patent

ool

(o p “v

Q
AN

1)
Sd

L

Ha°

7/

/i

L SN 7 O




US 11,502,131 B2

Sheet 15 of 17

Nov. 15, 2022

U.S. Patent

dg Ol

0ol

an n
AR A 7 W\ A 7 / Q ‘i

NN\ Ildl N/ “ “%%“‘Q\ f
§\‘\\W§\§§W§i\

______ 2WINNF7 . g
.r/a&V// ;&\; 7 S

4




m Qm ._ o Hh_ /N g

M,, 001 i i W R, > ——

2 S { '.4 ,.._,|____________ ~ R fuﬂ

] 4 N%w"\ “« 64 %Wm\ém%‘ﬁ%
N N1 SO 00

s 00 000 000 00 000 00 TSI

m W — ey ) Y 2,

U.S. Patent



US 11,502,131 B2

e — — —~— -
I7RN\J7% B/ N\\7V 4 RN “\w%ﬂwwvii\

) — 7
W\\\\\\\\\QIE\\\I‘\\;I % S TS

" IEEEEE] "eTaTaVATa4"¢ R ', aave’ TATATATAATA,
-------’* “ ------- ---- .‘.‘ .*‘ R "_ T ------
) Jd e Rl — g ’ 4 9 /
---------------- TL ' ' ' . . ' ‘ L ] L ] n L ] --- ‘ ‘
-------------- ‘ n L ] L ] L ] n n v . . . . --- ‘ ¥ ' A M M M ¥ ¥ M M ‘ n n L ] L ] L ] -'
----------------------------- --- .‘. . ‘ [T T T T A | , '_._ T T T T B | ‘
> AR *( I BRI N o A )% I DR SO >, AP ¥ I RRIEEREE [ o S )
Zessems AE B 4 EEEEE P B AAAREES B ' XN 4 B AR ..... ‘. . n s om ‘---' . T.._---‘
r v .‘ AEEREEE B ¢ O . B AR --- .‘. v [ T T A T | A ‘ [ T T T | -v
A --------------- T; [T T I T I | ‘ e e --- .‘ . . T T T T T | ‘
) ¢ o BRARN ) e ._ o RN )
I & & ¢ § § ® ®§B & ‘----' | I I DN N D B | '_,_ ------ ‘ | I I B | s .‘. T.---‘
v ‘ ------------- L L ] L ] L ] n L ] L ] L ] L ] n v L ] L ] L ] n n L ] L ] ‘ v
Wavavaval AVATava el \t KARRISHAAN .00 PESISAA
------- L ] --- ‘.
--”-- “. .‘ L} n nn ‘.‘
N ‘ n L ]
L ] n L ] L ] L ] n n L ] L ] L ] n n n L ] --- ‘. .‘. ‘ " "
----- ‘#‘ L ] L ] n n L ] L ] L ] n n L ] L ] L ] n L ] L ] ‘h. ‘ / -- L ]
--- .‘
. --- ‘. [ T T | [ ]
--- ‘ L ] L ]
--- i L ] L ] L ] L ] n L ] L ] L ] L ] n L ] L ] L ] n L ] L ]

[

Sheet 17 of 17
—

IA

......ﬂil.lil

...... AN -

§ N\

Nov. 15, 2022

U.S. Patent



US 11,502,131 B2

1

RESISTIVE RANDOM ACCESS MEMORY
DEVICE AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 108142717, filed on Nov. 25, 2019.
The entirety of the above-mentioned patent application 1s
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND

Technical Field

The present disclosure relates to a memory device and a
manufacturing method thereof, and particularly, to a resis-
tive random access memory (RRAM) device and a manu-
facturing method thereof.

Description of Related Art

RRAM 1s a type of non-volatile memory, of which a
conductive path 1s formed or cut ofl 1n a dielectric layer
between top and bottom electrodes, so as to switch between
a low resistance stat and a high resistance state, and to store
data. RRAM has merits including low power requirement
and high program speed, thus become a new generation
memory for novel applications such as internet of things
(Io'T). However, RRAMSs are susceptible to soit error during
operation, thus have reliability 1ssues. Although the soft
errors could be corrected by methods including adjusting
operation voltages, modifying pulse width of the applied
voltage or so forth, these methods may require additional
circuits or may cause delay in operation, thus could be
obstacles to mimmaturization of RRAM and improvement of
RRAM’s operation speed.

SUMMARY

Accordingly, a RRAM device with improved reliability
and a manufacturing method of such RRAM device are
provided. The RRAM device has multiple channel regions in
cach resistive memory cell.

In an aspect of the present disclosure, a RRAM device 1s
provided. The RRAM device comprises: bottom electrodes;
a resistance switching layer, blanketly covering the bottom
clectrodes; insulating patterns, disposed on the resistance
switching layer and located in corresponding to locations of
the bottom electrodes; a channel layer, conformally covering,
the resistance switching layer and the insulating patterns,
wherein the channel layer has a plurality of channel regions,
the plurality of channel regions are located on the resistance
switching layer, and cover sidewalls of the insulating pat-
terns; and top electrodes, respectively covering at least two
of the plurality of channel regions and respectively located
in corresponding to one of the mnsulating patterns, such that
the at least two of the channel regions are located between
one of the bottom electrodes and one of the top electrodes.

In another aspect of the present disclosure, a manufac-
turing method of a RRAM device 1s provided. The method
comprises: forming bottom electrodes, wherein the bottom
clectrodes are arranged along a first direction and extending
along a second direction; blanketly forming a resistance
switching layer on the bottom electrodes; forming a first
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2

insulating material layer on the resistance switching layer;
patterning the first insulating material layer to form insulat-
ing patterns, wherein each of the insulating patterns 1s
overlapped with one of the bottom electrodes; conformally
forming a channel layer on the resistance switching layer
and the insulating patterns, wherein the channel layer has a
plurality of channel regions, the plurality of channel regions
are located on the resistance switching layer, and cover
opposite sides of the msulating patterns; forming a second
clectrode material layer on the channel layer; and patterning
the second electrode material layer to form laterally sepa-
rated top electrodes, each of the top electrodes 1s located 1n
corresponding to one of the insulating patterns and covers at
least two of the plurality of channel regions, such that the at
least two of the channel regions are located between one of
the bottom electrodes and one of the top electrodes.

As above, the resistive memory cell according to embodi-
ments ol the present disclosure includes the insulating
patterns and the channel layer covering these insulating
patterns. Fach resistive memory cell (1.e., one of the top
clectrodes, one of the bottom electrodes overlapped with this
top electrode and components between these top electrode
and bottom electrode) can have multiple channel regions
covering sidewalls of one of the insulating patterns. In this
way, 11 one of the channel regions of the resistive memory
cell 1s Tailed as a result of soft errors, other channel region(s)
ol the resistive memory cell can still be functional. Accord-
ingly, as compared to a resistive memory cell having a single
channel region, the multi-channel resistive memory cell
according to embodiments of the present disclosure may
have an improved reliability. In addition, since the resistance
switching layer according to embodiments of the present
disclosure 1s blanketly disposed on the bottom electrodes,
the resistance switching layer can be formed without a
patterning process, thus damages on the resistance switching
layer resulted from an etching step may be avoided, and the
reliability of the RRAM device may be further improved.

To make the aforementioned more comprehensible, sev-
eral embodiments accompanied with drawings are described
in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

FIG. 1 1s flow diagram illustrating a manufacturing
method of a RRAM device according to some embodiments
of the present disclosure.

FIG. 2A through FIG. 2] are schematic three-dimensional
views 1llustrating structures at various stages during the
manufacturing process of the RRAM device as shown in
FIG. 1.

FIG. 3 exemplarily 1llustrates an equivalent circuit of the
RRAM device as shown 1n FIG. 21].

FIG. 4 1s schematic three-dimensional view illustrating a
RRAM device according to some embodiments of the

present disclosure.
FIG. SA through FIG. 5D are schematic three-dimen-

sional views 1llustrating structures at several stages during a
manufacturing process of a RRAM device according to
some other embodiments of the present disclosure.

DESCRIPTION OF TH

EMBODIMENTS

(Ll

FIG. 1 1s flow diagram illustrating a manufacturing
method of a RRAM device 10 according to some embodi-
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ments of the present disclosure. FIG. 2A through FIG. 2T are
schematic three-dimensional views illustrating structures at
various stages during the manufacturing process of the
RRAM device 10 as shown 1n FIG. 1.

Referring to FIG. 1 and FIG. 2A, step S100 15 performed,
and multiple transistors T are formed 1n and over a substrate
100. The substrate 100 may be a semiconductor substrate or
a semiconductor-on-insulator (SOI) substrate. It should be
noted that, merely one of the blocks of the subsequently
formed RRAM device 10 (as shown in FIG. 2J) 15 exem-
plarily depicted in FIG. 2A. In some embodiments, each
block includes transistors T arranged along a first direction
D1 1n a single row. Each transistor T may include an active
areca AA, a gate structure G, a drain electrode D and a source
electrode S. In some embodiments, the active area AA 1s a
doped region disposed 1n the substrate 100. In addition, an
1solation structure IS may be disposed between adjacent
active areas AA. For instance, the 1solation structure IS may
be a shallow trench 1solation (STI). In some embodiments,
the gate structure G 1s disposed on the substrate 100, and a
gate dielectric layer (not shown) may be disposed between
the gate structure G and the substrate 100. In addition, the
gate structure G may extend along a second direction D2,
and may be functioned as a word line WL. On the other
hand, 1n some embodiments, the drain electrode D and the
source electrode S are disposed in the substrate 100 and
located at opposite sides of the gate structure G. In these
embodiments, the drain electrode D and the source electrode
S may be doped regions disposed 1n the substrate 100, and
a conductive type of the drain electrode D and the source
clectrode S may be complementary to a conductive type of
the active area AA. For instance, the conductive type of the
active arca AA may be P type, whereas the conductive type
of the drain electrode D and the conductive type of the
source electrode S may be N-type. Moreover, in some
embodiments, the drain electrodes D of adjacent transistors
T may be close to each other, whereas the source electrodes
S of adjacent transistors T may be distant from each other.
In alternative embodiments, the drain electrodes D and the
sources electrodes S of the transistors T 1n the same row may
alternately arranged along the first direction D1. The present
disclosure 1s not limited to the arrangement of the drain
clectrodes D and the source electrodes S.

Referring to FIG. 1 and FIG. 2B, step S102 1s performed,
and multiple conductive plugs CP are formed on the sub-
strate 100. A dielectric layer (not shown) may be formed on
the substrate 100 by a deposition process (e.g., a chemical
vapor deposition (CVD) process) before formation of the
conductive plugs CP. This dielectric layer may be blanketly
formed over the substrate 100, so as to cover the transistors
T and the 1solation structures IS. Subsequently, multiple
through vias may be formed in this dielectric layer by, for
example, an etching process, and a conductive material 1s
filled 1n these through vias to form the conductive plugs CP.
Each conductive plug CP penetrates through this dielectric
layer, and 1s electrically connected to the drain electrode D
or the source electrode S of the underlying transistor T.

Thereafter, step S104 1s performed, and multiple first
metal patterns M1 and multiple first conductive vias V1 are
formed on the conductive plugs CP. A first interlayer dielec-
tric layer (not shown) may be formed on the substrate 100
before formation of the first metal patterns M1. Subse-
quently, the first metal patterns M1 may be formed in the
first interlayer dielectric layer by a damascene process. Each
first metal pattern M1 1s disposed on one of the conductive
plugs CP, and 1s electrically connected to this conductive
plug CP. In some embodiments, some of the first metal
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4

patterns M1 are electrically connected to the source elec-
trodes S of the transistors T through the conductive plugs CP.
These first metal patterns M1 may extend along the second
direction D2, and may be functioned as source lines SL.
Once the first metal patterns M1 have been formed, a second
interlayer dielectric layer (not shown) may be formed on the
first interlayer dielectric layer, and the first conductive vias
V1 may be formed in the second interlayer dielectric layer
by a damascene process. Each first conductive via V1
penetrates through the second interlayer dielectric layer, and

1s electrically connected to the underlying first metal pattern
M1.

Referring to FIG. 1 and FIG. 2C, step S106 1s performed,
and multiple bottom electrodes BE are formed. In some
embodiments, a method for forming the bottom electrodes
BE 1includes blanketly forming an electrode material layer
on the second interlayer dielectric layer (not shown) by a
deposition process (e.g., a physical vapor deposition (PVD)
process). Thereafter, the electrode material layer 1s patterned
to form the bottom electrodes BE. Fach of the bottom
clectrodes BE 1s electrically connected to the drain electrode
D of one of the transistors T through the underlying first
conductive via V1, first metal pattern M1 and conductive
plug CP. In some embodiments, the bottom electrodes BE
are arranged along the first direction D1, and respectively
extend along the second direction D2. In this way, the
subsequently formed resistive memory cells MU (as shown
in FIG. 2H) arranged along the second direction D2 in the
same column may share the same bottom electrode BE. A
material of the bottom electrodes BE may include 11, TiN,
W, Pt, Al or the like.

In some embodiments, multiple dielectric filling struc-
tures IL may be formed after formation of the bottom
clectrodes BE. The dielectric filling structures IL are respec-
tively filled 1n between adjacent bottom electrodes BE. In
some other embodiments, separated dielectric filling struc-
tures IL are formed before formation of the bottom elec-
trodes BE, then the bottom electrodes BE are disposed in
between adjacent dielectric filling structures IL. Top sur-
faces of the dielectric filling structures IL may be coplanar
with top surfaces of the bottom electrodes BE. For instance,
a chemical mechanical polishing (CMP) process, an etching
process or a combination thereof may be used to render the
top surtaces of the dielectric filling structures IL and the
bottom electrodes BE coplanar with one another. It should

be noted that, for conciseness, only some of the dielectric
filling structures IL are depicted 1n FIG. 2C through FIG. 21].

Referring to FIG. 1 and FI1G. 2D, step S108 1s performed,
and a charge trapping layer CT, a resistance switching layer
RS and a first barrier layer BR1 are sequentially formed on
the bottom electrodes BE. The charge trapping layer CT, the
resistance switching layer RS and the first barrier layer BR1
blanketly cover the dielectric filling structures IL and the
bottom electrodes BE. It should be noted that, for concise-
ness, only some portions of the charge trapping layer CR, the
resistance switching layer RS and the first barrier layer BR1
are depicted 1n FIG. 2D through FIG. 2J. In some embodi-
ments, a material of the charge trapping layer CT includes
silicon nitride, silicon oxynitride or a combination thereof.
In some embodiments, a method for forming the charge
trapping layer CT includes imtially forming a silicon-con-
taining material layer (not shown), then performing a ther-
mal treatment on the silicon-containing material layer 1in an
environment filled with mitrogen gas, oxygen gas or a
combination thereof, such that the silicon-containing mate-
rial layer could react with the afore-mentioned gas to form
silicon nitride, silicon oxynitride or a combination thereof.
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The charge trapping layer CT 1s electrically insulating, and
1s able to trap charges. In this way, crosstalk between the
subsequently formed resistive memory cells MU (as shown
in FIG. 2H) sharing the same bottom electrode BE may be
reduced by parasitic capacitor eflect or parasitic resistor

eflect. On the other hand, a material of the resistance
switching layer RS may include H1O,, 7ZrO,, HiZrO,

HTAIO, HION, HfS10, HiSrO, HIYO, the like or combina-
tions thereof, and a method for forming the resistance
switching layer RS may include a PVD process, a CVD
process or an atomic layer deposition (ALD) process. In
addition, a material of the first barrier layer BR1 may be
metal oxide (e.g., aluminum oxide) or nitride (e.g., silicon
nitride). In some embodiments, a thickness of the charge
trapping layer CT may range from 0.4 nm to 4 nm, a
thickness of the resistance switching layer RS may range
from 3 nm to 30 nm, and a thickness of the first barrier layer
BR1 may range from 0.4 nm to 4 nm.

Referring to FIG. 1 and FIG. 2E, step S110 1s performed,
and laterally separated insulating patterns RB are formed on
the first barrier layer BR1. The insulating patterns RB are
arranged along the first direction D1, and extend along the
second direction D2. Each of the insulating patterns RB may
be overlapped with one of the underlying bottom electrodes
BE. In some embodiments, a width of the imnsulating pattern
RB 1s less than a width of the bottom electrode BE. For
instance, a ratio of the thickness of the insulating pattern RB
with respect to the width of the bottom electrode BE may
range from 0.1 to 0.5. On the other hand, a length of the
insulating pattern RB 1s substantially equal to a length of the
bottom electrode BE. In addition, a height of the mnsulating
pattern RB may define a channel length of the subsequently
formed resistive memory cell MU (as shown in FIG. 2H),
and this channel length may be greater than the thickness of
the resistance switching layer RS. For instance, the height of
the insulating pattern RB may range from 10 nm to 150 nm,
and the thickness of the resistance switching layer RS may
range from 3 nm to 30 nm. In some embodiments, a method
for forming the 1nsulating patterns RB includes forming an
insulating material layer blanketly covering the first barrier
layer BR1, then patterning this insulating material layer to
form the insulating patterns RB. The afore-mentioned 1nsu-
lating material layer for forming the insulating patterns RB
may be made of silicon oxide, silicon nitride, the like or
combinations thereof, and may be formed by, for example,
a CVD process.

Referring to FIG. 1 and FIG. 2F, step S112 1s performed,
and a channel layer CH and a second barrier layer BR2 are
sequentially formed on the msulating patterns RB. It should
be noted that, for conciseness, the channel layer CH and the
second barrier layer BR2 are partially depicted in FIG. 2G
through FIG. 2J. In some embodiments, the channel layer
CH and the second barrier layer BR2 are blanketly and
conformally formed on the first barrier layer BR1 and the
insulating patterns RB. In this way, the channel layer CH and
the second barrier layer BR2 may respectively have hori-
zontally extending portions and vertically extending por-
tions. The horizontally extending portions extend along a top
surface of the first barrier layer B1 and top surfaces of the
insulating patterns RB, whereas the vertically extending
portions extend along sidewalls of the insulating patterns
RB. The vertically extending portions of the channel layer
CH may be functioned as channel regions of the subse-
quently formed resistive memory cells MU (as shown 1n
FIG. 2H). In addition, a thickness of the channel layer CH
may define a channel width of the resistive memory cells
MU, and this channel width 1s less than a width of each
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insulating pattern RB (a dimension of each insulating pattern
RB along the first direction D1). For instance, the thickness
of the channel layer CH may range from 10 nm to 60 nm.
Furthermore, a ratio of the thickness of the channel layer CH
(1.e., the channel width) with respect to the thickness of the
insulating pattern RB (1.e., the channel length) may range
from 0.05 to 0.35. In some embodiments, a material of the
channel layer CH may include a metal material, such as Ti,
Al, the like or combinations thereof, and a method for
forming the channel layer CH includes a PVD process.
Moreover, 1n some embodiments, a material of the second
barrier layer BR2 may be metal oxide (e.g., aluminum
oxide) or nitride (e.g., silicon nitride). In addition, a thick-
ness of the second barrier layer BR2 may range from 0.4 nm
to 4 nm.

Referring to FIG. 1 and FIG. 2G, step S114 1s performed,
and multiple dielectric filling structures FS are formed on
the current structure. It should be noted that, for conciseness,
only some of the dielectric filling structures FS are depicted
in FIG. 2J. The dielectric filling structures FS are respec-
tively filled 1n a recess defined between adjacent insulating
patterns RB, and cover portions of the channel layer CH and
the second barrier layer BR2 between the insulating patterns
RB. A material of the dielectric filling structures FS may be
an msulating material, such as silicon oxide, silicon nitride,
the like or combinations thereof. In some embodiments, a
method for forming the dielectric filling structures FS
includes forming an 1insulating material layer blanketly
covering the structure shown in FIG. 2F by a deposition
process (e.g., a CVD process), then removing portions of
this isulating material layer above the insulating patterns
RB by a planarization process (e.g., a CMP process, an
ctching process or a combination thereof), so as to expose
topmost surfaces of the second barrier layer BR2 and to form
the dielectric insulating structures FS. In some embodi-
ments, top surfaces of the dielectric filling structures FS may
be substantially coplanar with the topmost surfaces of the
second barrier layer BR2.

Referring to FIG. 1 and FIG. 2H, step S116 1s performed,
and separated top electrodes TE are formed over the topmost

surfaces of the second barrier layer BR2. The top electrodes
TE are arranged along the first direction D1 and the second
direction D2. The top electrodes TE arranged along the
second direction D2 1n the same column are overlapped with
one ol the insulating patterns RB and one of the bottom
clectrodes BE, and are overlapped with some portions of the
second barrier layer BR2, the channel layer CH, the first
barrier layer BR1, the resistance switching layer RS and the
charge trapping layer CT. In addition, as shown in the
current structure, some portions of the second barrier layer
BR2 are exposed between the top electrodes TE arranged 1n
cach column of the top electrodes TE, and the dielectric
filling structures FS are exposed between columns of the top
clectrodes TE. In some embodiments, a method for forming
the top electrodes TE includes mitially forming an electrode
maternial layer blanketly covering the structure shown in
FIG. 2G, then patterning this electrode material layer to
form the top electrodes TE. For instance, the electrode
material layer for forming the top electrodes TE may be
made of a metal material, and this metal material 1s different
from the metal material for forming the channel layer CH.
For instance, the metal material for forming the top elec-
trodes TE may include W, Pt, Al, Ti, TiN, the like or
combinations thereof, and a method for forming this elec-
trode material layer may include a deposition process (e.g.,
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a PVD process), a plating process (e.g., an electroplating
process or an electroless plating process) or a combination
thereol.

In some embodiments, a resistive memory cell MU
includes one of the top electrodes TE along with portions of 5
the underlying second barrier layer BR2, channel layer CH,
insulating pattern RB, {first barnier layer BR1, resistance
switching layer RS, charge trapping layer CT and bottom
clectrode BE overlapped with this top electrode TE. In the
resistive memory cell MU according to the present embodi- 10
ment, two vertically extending portions of the channel layer
CH at opposite sides of the insulating pattern BR may be
functioned as channel regions. As such, the resistive
memory cell MU can be referred as a bi-channel resistive
memory cell MU. In regarding all of the resistive memory 15
cells MU, the bottom electrodes BE of the resistive memory
cells MU arranged along the first direction D1 are electri-
cally 1solated from each other by the dielectric filling
structures IL. On the other hand, the resistive memory cells
MU arranged along the second direction D2 in the same 20
column share the same bottom electrode BE. Nevertheless,
the charge trapping layer CT can reduce crosstalk between
the resistive memory cells MU 1n the same column. In some
embodiments, each bottom electrode BE 1s electrically con-
nected with one of the transistors T. In these embodiments, 25
the resistive memory cells MU arranged along the second
direction D2 i the same column may be controlled by a
single transistor T. In addition, the resistive memory cells
MU arranged along the second direction D2 in the same
column have separated top electrodes TE. 30

Referring to FIG. 1 and FIG. 21, step S118 1s performed,
and multiple second conductive vias V2 and multiple second
metal patterns M2 are formed. A third interlayer dielectric
layer (not shown) may be formed on the structure shown 1n
FIG. 2H before formation of the second conductive vias V2 35
and the second metal patterns M2. The third interlayer
dielectric layer may blanketly cover the dielectric filling
structures FS, the top electrodes TE and the exposed por-
tions of the second barrier layer BR2. Thereatfter, multiple
through vias are formed in the third interlayer dielectric 40
layer. Some of the through vias extend to the top electrodes
TE, and others of the through vias further extend to some of
the first conductive vias V1 through some of the dielectric
filling structures FS. Subsequently, a conductive matenal 1s
filled 1nto these through wvias, so as to form the second 45
conductive vias V2. In this way, some of the second con-
ductive vias V2 are electrically connected to the top elec-
trodes TE, and others of the second conductive vias V2 are
clectrically connected to some of the first metal patterns M1
through some of the first conductive vias V1. In some 50
embodiments, after formation of the second conductive vias
V2, a fourth interlayer dielectric layer (not shown) and the
second metal patterns M2 may be formed on the third
interlayer dielectric layer (not shown) and the second con-
ductive vias V2 by a method similar to the method for 55
forming the first metal patterns M1. Some of the second
metal patterns M2 are respectively 1n electrical contact with
the top electrodes TE arranged in the same row through
some of the second conductive vias V2, and extend along the
first direction D1 as bit lines BL.. On the other hand, some 60
other second metal patterns M2 are electrically connected to
the source lines SL through some of the second conductive
vias V2 and some of the first conductive vias V1.

In alternative embodiments, the third interlayer dielectric
layer (not shown), the fourth interlayer dielectric layer (not 65
shown), the second conductive vias V2 and the second metal
patterns M2 may be otherwise formed by a dual damascene
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process. The present disclosure 1s not limited to sequential
order of the above-described steps.

Referring to FIG. 1 and FIG. 2], step S120 1s performed,

and multiple third conductive vias V3 and multiple third
metal patterns M3 are formed. In some embodiments, the
third conductive vias V3 and the third metal patterns M3 are
formed by a method similar to the method for forming the
second conductive vias V2 and the second metal patterns
M2. The third conductive vias V3 are electrically connected
to the source lines SL through some of the second metal
patterns M2, some of the second conductive vias V2 and
some of the first conductive vias V1. Each third metal
pattern M3 1s electrically connected to the third conductive
vias V3 in the same row, and extends along the first direction
D1. In some embodiments, the third metal pattern M3 may

be functioned as a common source line.

Up to here, the RRAM device 10 has been formed. FIG.
3 exemplarily 1llustrates an equivalent circuit of the RRAM
device 10 as shown 1in FIG. 2J. As shown 1n FIG. 3, the
resistive memory cells MU 1n the same column can be
controlled by a single transistor T, and these resistive
memory cells MU 1n the same column are respectively
connected to one of the bit lines BL. In addition, equivalent
capacitors between adjacent resistive memory cells MU are
depicted 1in FIG. 3, so as to illustrate the suppression on the
crosstalk between adjacent resistive memory cells MU by
the charge trapping layers CT described with reference to
FIG. 2]. It should be noted that, only a block of the RRAM
device 10 1s depicted in FIG. 2J and FIG. 3. The RRAM
device 10 may actually have more blocks, and each of the
blocks may have more (or less) of the transistors T and the
resistive memory cells MU.

Referring to FIG. 2], the RRAM device 10 includes a
plurality of the resistive memory cells MU. Each resistive
memory cell MU 1ncludes one of the top electrodes TE, and
includes portions of the resistance switching layer RS, the
insulating pattern RB, the channel layer CH and the bottom
clectrode BE that are overlapped with this top electrode TE.
The insulating pattern RB 1s disposed on the resistance
switching layer RS, and two vertically extending portions of
the channel layer CH covering sidewalls of the insulating
pattern RB may be functioned as two channel regions of the
resistive memory cell MU. Therefore, the resistive memory
cell MU can be a bi-channel resistive memory cell. If one of
the channel regions of the resistive memory cell MU 1s failed
as a result of soft errors, another channel region of the
resistive memory cell MU can still maintain functional.
Accordingly, as compared to a resistive memory cell having,
a single channel region, the bi-channel resistive memory cell
MU according to embodiments of the present disclosure has
an 1mproved reliability. In addition, during fabrication of the
resistive memory cells MU, patterning process i1s only
required while forming the bottom electrodes BE, the 1nsu-
lating patterns RB and the top electrodes TE, and the
formation of other components (e.g., the charge trapping
layer CT, the resistance switching layer RS, the first barrier
layer BR1, the channel layer CH and the second barrier layer
BR2) may be free of patterning process. As such, the
fabrication of the resistive memory cells MU can be sim-
plified, and dimensions and profile of the resistive memory
cells MU can be better controlled. Besides, problems came
from the patterning process (e.g., problems caused by an
ctching step) can be further reduced. In some embodiments,
the resistive memory cells MU 1n the same column share the
same bottom electrode BE, and the charge trapping layer CT
disposed between the bottom electrodes BE and the resis-
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tance switching layer RS may suppress the crosstalk
between the resistive memory cells MU sharing the same
bottom electrode BE.

FIG. 4 1s schematic three-dimensional view illustrating a

RRAM device 20 according to some embodiments of the
present disclosure. The RRAM device 20 shown 1n FIG. 4
1s similar to the RRAM device 10 as shown 1n FIG. 2]J. Only
difference therebetween will be described, the same or the
like parts would not be repeated again.

Referring to FIG. 4, each block of the RRAM device 20
includes transistors T arranged as multiple rows (e.g., 2
rows). In this way, the transistors T may be arranged as an
array having multiple rows and multiple columns. The
transistors T arranged along the second direction D2 1n the
same column may share the same word line WL. In addition,
the transistors T arranged along the second direction D2 in
the same column may be electrically to the same bottom
clectrode BE, and may be configured to control the resistive
memory cells MU arranged along the second direction D2 in
the same column. Even though only 2 rows of the transistors
T are illustrated 1n the RRAM device 20 shown in FIG. 3,

those skilled 1n the art may dispose 3 or more rows of the
transistors T 1n each block of the RRAM device 20 accord-
ing to design requirements, the present disclosure 1s not

limited to the amount of rows or columns of the transistors
T 1n each block.

FIG. SA through FIG. 5D are schematic three-dimen-
sional views illustrating structures at several stages during a
manufacturing process of a RRAM device according to
some other embodiments of the present disclosure.

Referring to FIG. 5A, after step S100 through step S108
(as described with reference to FIG. 2A through FIG. 2D)
have been performed, step S110 1s performed, and separated
insulating patterns RB' are formed on the first barrier layer
BR1. According to the present embodiment, the msulating
patterns RB' are separated from one another along both of
the first direction D1 and the second direction D2. In other
words, the insulating patterns RB' are arranged along the
first direction D1 and the second direction D2, and are
separated from one another.

Referring to FIG. 5B, step S112 1s subsequently per-
formed, and a channel layer CH' and a second barrier layer
BR2' are sequentially formed on the insulating patterns RB'.
The channel layer CH' and the second barrier layer BR2'
blanketly and conformally cover the msulating patterns RB'.
In those embodiments where the insulating patterns RB' are
cuboid or cubic, the channel layer CH' covers four sidewalls
ol each insulating pattern RB', and may have four channel
regions. In this way, the subsequently formed resistive
memory cells MU' may respectively be a quad-channel
resistive memory cell.

Referring to FIG. 5C, step S114 1s then performed, and a
dielectric filling structure FS’ 1s formed on the current
structure. Since the insulating patterns RB' are separated
from one another along both of the first direction D1 and the
second direction D2, the dielectric filling structure FS’ filled
between the insulating patterns RB' continuously extends
along the first direction D1 and the second direction D2, and
may be regarded as a single structure.

Referring to FIG. 3D, step S116 15 performed, and sepa-
rated top electrodes TE are formed on topmost surfaces of
the second barrier layer BR2'. The top electrodes TE are
overlapped with the nsulating patterns RB', respectively. A
resistive memory cell MU' includes one top electrode TE
along with some portions of the underlying second barrier
layer BR2', channel layer CH', first barrier layer BRI,

resistance switching layer RS, charge trapping layer C'T and
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bottom electrode BE. As described above, 1n some embodi-
ments, the resistive memory cell MU' has four channel
regions, and may be regarded as a quad-channel resistive
memory cell. Thereafter, step S118 and step S120 as
described with reference to FIG. 21 and FIG. 2] may be
performed, so as to form the RRAM device according to the
present embodiment.

As above, the resistive memory cell according to embodi-
ments of the present disclosure includes one of the top
clectrodes, and includes portions of the resistance switching
layer, the insulating pattern, the channel layer and the
bottom electrode that are overlapped with this top electrode.
The insulating pattern 1s disposed on the resistance switch-
ing layer, and multiple vertically extending portions of the
channel layer covering sidewalls of the insulating pattern
may be functioned as channel regions of the resistive
memory cell. Therefore, the resistive memory cell can be a
multi-channel resistive memory cell. If one of the channel
regions of the resistive memory cell 1s failed as a result of
soit errors, other channel region(s) of the resistive memory
cell can still be functional. Accordingly, as compared to a
resistive memory cell having a single channel region, the
multi-channel resistive memory cell according to embodi-
ments of the present disclosure has an improved reliability.
In addition, during fabrication of the resistive memory cells,
patterning process 1s only required while forming the bottom
clectrodes, the 1insulating patterns and the top electrodes, and
the formation of other components (e.g., the charge trapping
layer, the resistance switching layer, the first barrier layver,
the channel layer and the second barrier layer) may be free
ol patterning process. As such, the fabrication of the resis-
tive memory cells can be simplified, and dimensions and
profile of the resistive memory cells can be better controlled.
In some embodiments, the resistive memory cells 1n the
same column share the same bottom electrode, and the
charge trapping layer disposed between the bottom elec-
trodes and the resistance switching layer may suppress the
crosstalk between the resistive memory cells sharing the
same bottom electrode.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the disclosed
embodiments without departing from the scope or spirit of
the disclosure. In view of the foregoing, 1t 1s intended that
the disclosure covers modifications and variations provided
that they fall within the scope of the following claims and
their equivalents.

What 1s claimed 1s:
1. A resistive random access memory (RRAM) device,
comprising;

bottom electrodes:

a resistance switching layer, blanketly covering the bot-
tom electrodes;

insulating patterns, disposed on the resistance switching
layer and located in corresponding to locations of the
bottom electrodes;

a channel layer, conformally covering the resistance
switching layer and the insulating patterns, wherein the
channel layer has a plurality of channel regions, the
plurality of channel regions are located on the resis-
tance switching layer, and cover sidewalls of the 1nsu-
lating patterns; and

top electrodes, respectively covering at least two of the
plurality of channel regions and respectively located in
corresponding to one of the insulating patterns, such
that the at least two of the channel regions are located
between one of the bottom electrodes and one of the top
clectrodes.
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2. The RRAM device according to claam 1, further
comprising a charge trapping layer, blanketly disposed
between the bottom electrodes and the resistance switching,
layer.

3. The RRAM device according to claim 2, wherein a
material of the charge trapping layer comprises silicon

oxide, silicon oxynitride, silicon nitride or combinations
thereofl.

4. The RRAM device according to claim 1, further
comprising a first barrier layer, blanketly disposed on the
resistance switching layer, wherein the insulating patterns
and the channel layer are disposed on the first barrier layer.

5. The RRAM device according to claim 1, further
comprising a second barrier layer, conformally covering the
channel layer, and located between the channel layer and the
top electrodes.

6. The RRAM device according to claim 2, further
comprising first dielectric filling structures, disposed
between the bottom electrodes, wherein surfaces of the first
dielectric filling structures are coplanar with surfaces of the
bottom electrodes, and a portion of the charge trapping layer
covers the first dielectric filling structures.

7. The RRAM device according to claam 5, further
comprising second dielectric filling structures, disposed on
the second barrier layer and filled between the insulating
patterns, wherein each of the plurality of channel regions 1s
located between one of the insulating patterns and one of the
second dielectric filling structures, and a surface of the
second barrier layer 1s coplanar with surfaces of the second
dielectric filling structures.

10

15

20

25

12

8. The RRAM device according to claim 1, wherein the
bottom electrodes and the insulating patterns are both
arranged along a first direction and extending along a second
direction, and the top electrodes are separated from one
another along the second direction.

9. The RRAM device according to claim 1, wherein the
bottom electrodes are arranged along a first direction and
extending along a second direction, and the 1mnsulating struc-
tures and the top electrodes are both separated from one
another along the second direction.

10. The RRAM device according to claim 8, further
comprising transistors, wherein each of the transistors is
clectrically connected to one of the bottom electrodes.

11. The RRAM device according to claam 1, wherein a
length of each of the plurality of channel regions 1s greater
than a thickness of the resistance switching layer.

12. The RRAM device according to claim 11, wherein a
width of each of the plurality of channel regions 1s less than
a width of each of the insulating patterns.

13. The RRAM device according to claim 1, wherein a
ratio ol a width of each of the plurality of channel regions
with respect to a width of each of the insulating patterns
range from 0.05 to 0.35.

14. The RRAM device according to claim 1, wherein a
material of the channel layer comprises a metal material, and
the metal material of the channel layer 1s different from a
material of the top electrodes.

15. The RRAM device according to claim 14, wherein the

conductive material comprises Al or Ti.
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